Abstract. In a previous study we reported that sequential inoculation of Torulaspora delbrueckii and Saccharomyces cerevisiae during the first fermentation increased the protein concentration and improved the foaming properties of a base wine. Since effervescence and foam of sparkling wines are key quality factors, the interest of this practice for sparkling wine industry is obvious. In this paper we study whether the foaming properties of the sparkling wines produced from the base wines obtained by sequential inoculation with T. delbrueckii and S. cerevisiae remains better than those of their controls produced from base wines fermented only with S. cerevisiae. The obtained results confirmed that sequential inoculation in the production of the base wine originated sparkling wines with significantly higher maximum heights of foam than conventional inoculation, probably because autolysis of the T. delbrueckii cells in the base wine released higher amounts of proteins, especially of the low molecular weight fraction.
Introduction
The quality of sparkling wines depends on several factors. Among them, effervescence and foam are probably some of major determinants of the quality of this kind of wines [1] . For that reason, one of the main concerns of sparkling wine industry is find new procedures to improve the foamability and the foam persistence. The foaming properties of sparkling wines depend largely on its chemical composition which, is closely related to their varietal origin, grape maturity and winemaking conditions [2, 3] . In this sense, it has been described that foam stability is favored by the presence of surfactant agents such as proteins, mannoproteins and polysaccharides which stabilize the bubble's interface because of their surface properties [4, 5] . In fact, it has been reported that all winemaking treatments that decrease protein concentration affect drastically the foam properties of the wine [6, 7] . Consequently, sparkling wine industry use to be very careful with all the factors that affect to protein levels of musts, base wines and sparkling wines.
It is also well know that the development of some non-Saccharomyces yeast such as Torulaspora delbrueckii during alcoholic fermentation can improve wine quality as well as their complexity [8, 9] . Recently, our research group has proposed the use of T. delbrueckii as a tool for improving the foam properties in sparkling wine production [10] . The use of a sequential inoculation of T. delbrueckii and S. cerevisiae during the first fermentation increased the protein concentration as well as the maximal height of the foam (HM) of the base wine by the method Mosalux [11] . However, it has not been verified yet if this effect remains in the sparkling wine after the second fermentation. For that reason, the aim of this work was studying if the sparkling wines elaborated from the base wines obtained by sequential inoculation with of T. delbrueckii and S. cerevisiae present better foaming properties than its corresponding controls elaborated from base wines fermented only with S. cerevisiae.
Materials and methods
Sparkling wine production (Cava) was carried out with both base wines (conventional inoculation and sequential inoculation) six months after alcoholic fermentation was finished following the traditional method. Nine months later all sparkling wines were disgorged, analyzed and tasted. Foam properties were measured with the Mosalux [9] method . Proteins were measured by HRSEC-DAD [12] . Polysaccharides were determined by HRSEC-RID [13] . Figure 1 shows the foam properties of the base and sparkling wines. As expected, the maximal height of the foam (HM) was significantly lower in both sparkling wines than in their corresponding base wines. This diminution, which has previously been reported [14] , can be attributed to the increase in ethanol content, which exerts a negative effect on wine foamability, and to the absorption of proteins by bentonite added as a riddling agent [7] . As expected, the total protein contents of the base wines were far higher than those of the sparkling wines. This sharp decrease in the total protein content of the sparkling wines was significant in both (conventional and sequential) wines and all molecular weight fractions, especially the low molecular weight fraction (LMW). It has previously been reported and largely attributed to the absorption of proteins by the bentonite used as a riddling agent [7] . Also, it is probably one of the main reasons why HM is lower in sparkling wines than in their corresponding base wines. Figure 3 shows the polysaccharide fraction of base wines and sparkling wines. Again the concentration of polysaccharides in sparkling wines was significantly lower than in their corresponding base wines and this was true in all molecular weight fractions.
Results and discussion
Similar results have been reported by other authors [15, 16] , who have attributed this decrease to precipitation. Since ethanol decreases the solubility of some polysaccharides, the increase in ethanol concentration caused by the second fermentation may explain this phenomenon. Another possible explanation is the absorption of some polysaccharides by the bentonite used as riddling agent or even by the dead yeast cells.
It can therefore be concluded that sequential inoculation with T. delbrueckii and S. cerevisiae may be useful for obtaining sparkling wines with better foaming properties. Specifically, sequential inoculation produced base wines with significantly higher maximum heights of foam (HM) than conventional inoculation, probably because autolysis of the T. delbrueckii cells in the base wine released higher amounts of proteins, especially of the low molecular weight fraction. This trend of higher protein concentration and better HM was maintained in the sparkling wines from sequential inoculation though, logically, both values were reduced by the prise de mousse.
